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(54) Steering angle correcting system in a vehicle 



(57) In a steering angle correcting system, a steer- 
ing amount required to maintain a positional relationship 
of a subject vehicle to a road lane ahead of the subject 
vehicle is calculated in a steering amount calculating de- 
vice based on outputs from a first detecting device for 
detecting the state of a lane of a road ahead of the ve- 
hicle which is traveling, and a second detecting device 
for detecting a current positional relationship of the sub- 
ject vehicle to the road lane. A steering device (8,9,10) 
is driven by a driving device (52,53) mounted between 
a grasping portion of a steering wheel (5) and the steer- 



ing device so as to decrease the difference between a 
steering amount detected by a steering amount detect- 
ing device and a steering amount calculated in the steer- 
ing amount calculating device. Whenever a driver's in- 
tention and the determination by the system are different 
from each other, a driver can operate the steering wheel 
(5) to intervene in the steering. In addition., the driver 
can immediately intervene in the steering at all times, 
while normally maintaining a cooperating relationship to 
the system. Thus, the steering angle correcting system 
has a semi-automatic steering concept. 
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Description 

The present invention relates to a steering angle 
correcting system in a vehicle. 

Various concepts have been proposed hitherto for 
correcting the steering angle applied by a driver of a ve- 
hicle in accordance with a driving situation to provide an 
actual steering angle. For example, a concept for cor- 
recting the steering angle applied by a vehicle's driver 
in accordance with a yaw rate (an angular speed about 
a vertical line passing through a center of gravity of a 
vehicle) to provide an actual steering angle has been 
proposed in USP No.3, 871 ,468. A concept for correct- 
ing the proportion of an actual steering angle to an input 
steering angle in accordance with a vehicle speed has 
also been proposed in USP No.4,310,063. These con- 
cepts are different from an automatic operative vehicle 
in that the driver basically drives the vehicle. 

In recent years, a marvelous progress in a computer 
technology has accelerated the development of the 
technique regarding to the mental capacity level utilizing 
various sensors for previously grasping a situation 
ahead of the vehicle and outputs from the sensors. For 
example, the relative positional relationship of the sub- 
joct vehicle relative to a lane ahead of tho subject vehicle 
and the degree of curvature of the lane could be known, 
for example, from an image analysis by a CCD camera. 
A radar technique is capable of detecting the presence 
of an obstacle ahead of the subject vehicle, quickly cal- 
culating a distance from the subject vehicle to the ob- 
stacle, and deducing a possibility of collision to warn a 
driver of the collision by means of an alarm, or to provide 
automatic braking or to take an avoiding action. 

An "automatic operative vehicle" which is automat- 
ically steered by utilizing an output from this type of 
"foreseeing sensor" still has a room for improvement in 
cost and reliability, but is being brought into completion 
as a basic technology. This concept is different the 
above concepts in that the driver is not basically a per- 
son who drives the vehicle. The present assignee has 
also previously proposed a technique relating to such 
concept in USP No.5,350,912. 

Before the technology of the automatic operative 
vehicle is improved and spread, it is surmised that a 
man-machine cooperation system utilizing, to the max- 
imum, outputs from the foreseeing sensors with a hu- 
man taking the leadership of driving is realized. Under 
the cooperation system, the human approves the oper- 
ation of a computer by his own intention while receiving 
a control output from the computer based on the sensor 
information, when there is a contrariety between the op- 
eration of the computer and the human's intention, the 
human can immediately intervene into the contrariety to 
realize a driving according to the his own intention. The 
technology already put into practical use based on this 
type of concept includes an auto-cruising as a control 
technique limited to the travel direction of the vehicle, 
but there is still not a technique put into practical use 



with regard to the control of the lateral motion of the ve- 
hicle. 

The feature of the technique utilizing the foreseeing 
sensor is in that a situation which will occur from now 
5 on is predicted, and a correction motion is applied as 
required based on the result of the prediction. In this 
case, the phase is fast and a smooth driving is feasible, 
as compared with a feedback technique detecting an al- 
ready produced phenomenon to apply the correcting 
10 motion. 

There is also a technique described in USP No. 
5,350,91 2. in which a steering angle is input to a steering 
system based on information from the CCD camera to 
cause the vehicle to travel along a lane. In this patent, 
is a steering section is shown in an illustrative embodi- 
ment, but it is not described that the steering section is 
fixed to a vehicle body in what manner. If the vehicle is 
a usual automatic operative vehicle, it is surmised as 
one method that the steering section is fixed and the 
20 steering system is driven directly. In a system in which 
the steering section is fixed to the vehicle body in the 
above manner, it is a matter of course that a reaction 
force during steering of the steering section is borne by 
the vehicle body. 
2S It is believed that a steering wheel for steering by a 
human is of course mounted, although being clearly 
shown in the known technique (USP No.5,350,912) . In 
this case, during automatic operation by the system, the 
steering wheel is moved at all times in a clockwise or 
30 counterclockwise direction in response to a control out- 
put, and if the driver desires to give his intention, an in- 
terruption steering can be achieved by directly turning 
the steering wheel. 

When the interruption steering is conducted, the 
35 system acts against the driver's intention at the begin- 
ning and hence, it is deniable that the steering force is 
heavy. When the driver applies the interruption, an iner- 
tial force of a driving motor and an internal friction force 
in a reducer placed for the purpose of increasing the mo- 
40 tor output become resistances. A simplest technique for 
decreasing these resistances is to specially prepare a 
' clutch for disconnecting the driving motor from the sys- 
tem by sensing the intervention of the human by any 
sensor. However, with regard to the sensor for sensing 
45 the intervention of the human and the disconnecting 
clutch, no small-sized and inexpensive sensor and 
clutch are still developed technically. 

When a steering mechanism drives the steering 
system directly, a rotative torque and rotational speed 
so borne by the steering mechanism are necessarily in- 
creased in order to prevent the vehicle from departing 
from a lane. Consequently, the driving motor is large- 
sized, but in a usual design of tho steering system, it 
may be very difficult in many cases to prepare a space 
55 for placement of such a large-sized device. If a tech- 
nique in which a small energy need only be required to 
correct the steering angle can be proposed herein, it is 
possible to easily provide a steering angle correcting 
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system without making a large change in layout of the 
existing steering system. 

Accordingly, it is a first object of the present inven- 
tion at least in its preferred forms to provide a steering 
angle correcting system in a vehicle, which has a semi- s 
automatic steering concept and includes a man-ma- 
chine interface in such a manner that a driver normally 
maintains a cooperating relationship to the system, and 
whenever a driver's intention and the determination by 
the system are different from each other, the driver can 10 
drive the vehicle, i.e., to provide a simple system in 
which an automatic steering and a manual steering can 
be reconciled. 

According to a first aspect of the present invention, 
there is provided a steering angle correcting system in is 
a vehicle, comprising: a first detecting means for detect- 
ing a state of a lane of a road ahead of a vehicle which 
is traveling; a second detecting means for detecting a 
relationship of a current position of the subject vehicle 
lo the road lane of the subject vehicle; a steering amount 
calculating means for calculating a steering amount re- 
quired to maintain the relationship of the current position 
of the subject vehicle to the road lane ahead of the sub- 
ject vehicle from outputs from the first and second de- 
tecting moans; a steering amount dotccting means for 
detecting a current steering amount; and a driving 
means for driving a steering device such as to decrease 
the difference between a steering amount calculated in 
the steering amount calculating means and a steering 
amount detected by the steering amount detecting 
means, the driving means being mounted between a 
grasping portion of a steering wheel and the steering 
device. 

With such arrangement, whenever the driver's in- 
tention and the determination by the system are different 
from each other, the driver can operate the steering 
wheel to intervene in the steering. The driver can imme- 
diately intervene in the steering at all times, while nor- 
mally maintaining the cooperating relationship to the 
system. Thus, the steering angle correcting system has 
a semi-automatic steering concept. 

It is also an object of the preferred forms of the 
present invention to provide a steering angle correcting 
system in a vehicle, wherein the energy required for an 
automatic driving is decreased as compared with that in 
the known system and moreover, the man-machine co- 
operation can be further enhanced by promoting the 
driver's general operation. 

According to a second aspect of the present inven- 
tion, there is provided a steering angle correcting sys- 
tem in a vehicle, comprising: a first detecting means for 
detecting a state of a lane of a road ahead of a vehicle 
which is traveling; a second detecting means for detect- 
ing a relationship of a current position of the subject ve- 
hicle to the road lane of the subject vehicle; a steering 
amount calculating means for calculating a steering 
amount required to maintain the relationship of the cur- 
rent position of the subject vehicle to the road lane 



ahead of the subject vehicle from outputs from the first 
and second detecting means: a steering amount detect- 
ing means for detecting a current steering amount; a 
driving means mounted between a vehicle body and a 
steering device tor driving the steering device such as 
to decrease the difference between a steering amount 
calculated in the steering amount calculating means and 
a steering amount detected by the steering amount de- 
tecting means; and a relative angle changing means ca- 
pable of changing the relative angle of a grasping por- 
tion of a steering wheel relative to the steering device. 

With such arrangement, most of an energy required 
for correcting the steering angle can be borne by the 
driving means mounted between the vehicle body and 
the steering device to decrease the energy exhibited by 
the relative angle changing means mounted in a steer- 
ing system to correct the steering angle. Thus, it is un- 
necessary to make a large change in layout of the ex- 
isting steering system. Moreover, when the system con- 
ducts a vety small correction, the driver's general oper- 
ation can be promoted by matching the direction of the 
correcting operation with the direction of the driver's 
general operation, thereby further enhancing the man- 
machine cooperation. 

The above and other objects, fcaturos and advan- 
tages of the invention will become apparent from the fol- 
lowing description of preferred embodiments, which are 
given by way of example only, with reference to the ac- 
companying drawings. 

Fig. 1 is a plan view illustrating the entire arrange- 
ment of a steering system including a steering angle 
correcting system according to a first embodiment 
of the invention; 

Fig.2 is a front view of a steering wheel with a por- 
tion thereof omitted; 

Fig. 3 is a sectional view taken along the line 3-3 in 
Fig.2; 

Fig.4 is a block diagram illustrating the entire ar- 
rangement of the steering angle correcting system; 
Figs. 5A and 5B show a flow chart illustrating a 
processing program for a steering angle correcting 
control; 

Fig.6 is an illustration for explaining the processings 
in the flow chart in Fig.5; 

Fig.7 is a front view of a steering wheel including a 

steering angle correcting system according to a 

second embodiment of the invention; 

Fig.8 is a sectional view taken along the line 8-8 in 

Fig.8; 

Fig. 9 is a sectional view taken along the line 9-9 in 
Fig.8; 

Fig. 10 is an exploded perspective view of a con- 
necting portion between an encoder and a column; 
Fig. 1 1 is a partially cutaway plan view illustrating the 
entire arrangement of a steering system including 
a steering angle correcting system according to a 
third embodiment of the invention; 
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Fig. 1 2 is an enlarged sectional view taken along the 
line 12-12 in Fig.11; 

Fig. 13 is a plan view illustrating the entire arrange- 
ment of a steering system including a steering angle 
correcting system according to a fourth embodi- 
ment of the invention; 

Fig. 14 is a block diagram illustrating the entire ar- 
rangement of the steering angle correcting system; 
Figs.15A and 15B show a flow chart illustrating a 
processing program for a steering angle correcting 
control; 

Fig. 16 is an illustration for explaining the process- 
ings in the flow chart in Figs.15A and 15B; 
Figs.17A and 17B show a flow chart illustrating a 
processing program for a steering angle correcting 
control according to a fifth embodiment of the inven- 
tion: 

Fig. 18 is a simplified front view of a steering wheel 
including a steering angle correcting system ac- 
cording lo a sixth embodiment of the invention; and 
Fig. 19 is a simplified front view of a steering wheel 
including a steering angle correcting system ac- 
cording to a seventh embodiment of the present in- 
vention. 

The present invention will now be described by way 
of preferred embodiments with reference to the accom- 
panying drawings. 

Figs.1 to 6 show a first embodiment of the present 
invention. Referring first to Fig.1 , a rotational motion of 
a column 6 rotated in response to the operation of a 
steering wheel 5 is converted into a turning motion of a 
front wheel 7 which is a wheel to be steered, by a steer- 
ing device 8. The steering wheel 8 is constructed into a 
rack and pinion type by a pinion 9 provided at a front 
end of the column 6 and a rack 1 0 meshed with the pin- 
ion 9. The rack 10 is connected at its opposite ends to 
the left and right front wheels 7 through tie rods 1 1 Thus, 
the rack 10 can be driven vertically as viewed in Fig.1 
by rotation of the pinion 9, and the front wheels can be 
turned about their turning axes in response to the oper- 
ation of the rack 10, thereby providing a desired steer- 
ing. 

Referring to Figs,. 2 and 3, a steering mechanism 
30t as a driving means for driving the steering device 8 
is accommodated within a steering wheel 5 having a 
ring-like grasping portion 5a. The steering mechanism 
30-, has servo motor 31 and a warm gear type reducer 
66 for increasing the output torque from the servo motor 
31 . When the servo motor 31 is energized and operated, 
a relative motion is produced between the steering 
wheel 5 and the column 6, so that the column 6 is driven 
in a clockwise or counterclockwise direction relative to 
the steeling wheel 5 depending upon the direction and 
magnitude of such relative motion. 

On the other hand, the reducer 66 has a nature that 
it self-locks when it intends to drive the column 6 by a 
physical force from the steering wheel 5. The steering 



mechanism 30 1 including such an irreversible transmit- 
ting mechanism ensures that even if an abnormality 
such as a breakage should be produced in an electric 
system, it is possible for a driver to steer the vehicle by 

5 operating the steering wheel 5. In addition, even when 
an automatic driving device stops the control, as de- 
scribed hereinafter, an automatic steering can be auto- 
matically switched over to a manual steering, and a 
more natural feeling during the switching time can be 

10 insured. 

The characteristic of the reducer 66 ensures that if 
a switch which will be described hereinafter is turned off 
to stop a steering angle correcting control when the driv- 
er desires the driving only by his intention, the steering 

is wheel 5 and the column 6 are interconnected rigidly. At 
this time, it is possible to steer the vehicle with a steering 
feeling similar to that provided in the conventional vehi- 
cle having no a steering angle correcting device. 

A driving pulley 69 is mounted on an output shaft of 

20 the reducer 66, and a toothed rubber belt 67 is reeved 
around a follower pulley 68 mechanically coupled to the 
column 6 and the driving pulley 69, so that an output 
from the reducer 66 is transmitted to the column 6. In 
such arrangement, if the driver operates the steering 

25 wheel 5, the movement of the steering wheel 5 is directly 
transmitted to the column 6 and hence, the servo motor 
31 of the steering mechanism 30! may be operated in 
an amount corresponding to a difference between a re- 
quired steering angle and an angle input to the steering 

30 wheel 5. This advantage wiii be described in detail here- 
inafter. 

An encoder 51 is mounted to the servo motor 31 for 
detecting the direction and amount of operation of the 
servo motor 31 . To monitor whether a desired steering 
35 angle has been obtained, an amount of rotating dis- 
placement transmitted from an intermediate portion of 
the column 6 through a belt transmitting means 53 is 
detected by the encoder 52, as shown in Fig.1 . 

Further, in order to detect a steering torque applied 
40 to the steering wheel 5, a torque sensor 70 is disposed 
coaxially with the column 6 and mechanically coupled 
to the steering wheel 5, as shown in Fig.3. The servo 
motor 31 is fixedly supported on a base plate 7, and the 
torque sensor 70 is coupled at its right end as viewed in 
45 Fig.3 to the base plate 71 by a plurality of bolts. As a 
result, the servo motor 31 is fixed to the steering wheel 5. 

The follower pulley 68 is fixed to a column pipe 6a 
by an appropriate technique such as a key. The column 
pipe 6a is coaxially and firmly fixed to the column 6 by 
50 a special nut 72 through a coupling such as a serration. 
In this manner, the steering mechanism 30-, including 
the servo motor 31 is fixed to the steering wheel 5 and 
not fixed to the vehicle body. 

In order to limit the relative rotational motion amount 
55 between the column pipe 6a and thus the column 6 and 
the steering wheel 5, a tongue 73 extending forwards 
from the side of the steering wheel 5 is inserted into a 
slit 74 provided in the column pipe 6a. The steering 
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wheel 5 and the column pipe 6a are rotatable relative to 
each other in a range in which the tongue 73 can be 
moved within the slit 74. However, in a state in which 
the tongue 73 is in abutment against a wall of the slit 74, 
the steering wheel 5 and the column pipe 6a are rotated 5 
in unison with each other. Such a structure is well-known 
as a lost motion connection serving as a fail-safe mech- 
anism upon a falling of power in a power-steering field. 

Referring to Fig.4, a CCD camera 75 is mounted at 
a proper position on the vehicle for shooting a scene 
ahead of the vehicle in an advancing direction. An image 
information taken by the CCD camera 75 is subjected 
to a processing such as extraction of a characteristic 
point and a Hough conversion in an image processing 
section 76. A travelable area is searched in a travelable- 
area perceiving section 77 based on an image resulting 
from the image processing in the image processing sec- 
tion 76. and a scheme of a course along which the ve- 
hicle will now travel is determined based on a search 
result in a target course determining section 78. Thus, 
the CCD camera 75 and the image processing section 
76 constitute a first detecting means for detecting a traf- 
fic lane state of a road ahead of the traveling vehicle, 
and the travelable-area perceiving section 77 and the 
target course determining section 78 constitute a sec- 
ond detecting means for detecting a current positional 
relationship of the subject vehicle to a road lane. 

An output signal from the target course determining 
section 78 is input to a CPU 80., which is a steering- 
amount calculating means for calculating a steering 
amount required for maintaining the positional relation- 
ship of the subject vehicle to the road lane ahead of the 
vehicle, from outputs from the first and second detecting 
means. The following outputs are input to the CPU 80^ 
an output from a vehicle speed sensor 81 mounted at a 
proper position on a drive shaft (not shown) of the vehi- 
cle for detecting a travel speed V of the vehicle, and an 
output from a yaw rate sensor 82 mounted at near a cen- 
tral position on the vehicle for detecting a yaw rate (an 
angular speed about a vertical axis of a center of gravity 
of the vehicle) y. A correction steering angle G deter- 
mined by an encoder 51 and an actual steering angle 5 
determined by an encoder 52 are also input to the CPU 
80 v 

A switch which is not shown is disposed at a proper 
position in the vicinity of a driver's seat for switching over 
the execution and non-execution of the correction of the 
steering angle one from another. A switching signal from 
the switch is also input to the CPU 80 v 

The CPU 80-, calculates a target steering angle 8D 
of the servo motor 31 according to a program shown in 
Figs.SAnd 5B and outputs the target steering angle 0D, 
thereby driving the servo motor 31 through a motor am- 
plifier 83. 

In Figs.SAnd 5B, the program is started, for exam- 
ple, at an interval of every 10 msec. At step S100, it is 
determined whether a bit of a flag has been set If 
the flag bit (an initial value is 0) has been set at °1 °, steps 



from step S101 to step S112 which will be described 
hereinafter are not carried out. 

If NO in step S100. i.e.. il the flag bit is n 0°. informa- 
tions from the sensors 51 , 52. 81 and 82 are read at step 
S101, proceeding to step S102. 

At step S1 02, an inclination angle BW of the subject 
vehicle (which is indicated by W) is calculated on coor- 
dinates shown in Fig. 6. In the coordinates, x-y relative 
coordinates having a vehicle position W shown as an 
origin o, an x-axis provided by the longitudinal direction 
of the vehicle W and an y-axis provided by a widthwise 
direction of the vehicle W are established on X-Y fixed 
coordinates. The target course determining section 78 
perceives a travelable area A in a plane manner from a 
road line segment M extracted from the image informa- 
tion provided by the CCD camera 75, and determines a 
target course M as curve including an array of dots, ac- 
cording to a predetermined rule, for example, which de- 
termines a target course M at a center of the travelable 
area A. 

The x-y relative coordinates and the X-Y fixed co- 
ordinates based on the vehicle W have been initially es- 
tablished so that they are conformed to each other dur- 
ing stoppage of the vehicle W. Thus, the angle GW of 
inclination of the vehicle W in the X-Y fixed coordinates 
can be determined by integrating the detected yaw rate 
Y, every time the flow chart in Figs.5And 5B is started. 

At subsequent step S103, coordinate components 
(XW, YW) of the current position of the vehicle W, i.e.. 
the origin o of the x-y relative coordinates of the vehicle 
W on the X-Y fixed coordinates, and at step S1 04, a tar- 
get point P is set. This means that the target point is set 
as a point on the target course M with an x-coordinate 
component provided by a distance x D (= VT) of move- 
ment of the vehicle W in the direction of the x-axis at a 
current vehicle speed V for a predetermined foreseen 
time T, because the target course M is represented as 
the array of dots in the x-y relative coordinates. 

At step S1 05, a target yaw rate 7m is calculated. In 
this calculation, the following calculations are sequen- 
tially carried out: a calculation of a target point-reached 
yaw rate yp produced during traveling of the vehicle W 
along a phantom course Sp until the vehicle W reaches 
the target point P; a calculation of an angle deviation 
Attp between an angle BPW of inclination of the vehicle 
W at the target point P and an angle 6PM of inclination 
of the vehicle W in the target course M; and a yaw rate 
correction amount Ayp for eliminating the angle devia- 
tion A9p. Further, the target yaw rate 7m is calculated 
according to the following equation: 

ym = yp - Km x Ayp 

In the above equation, Km is a correcting factor 
which can be provided by interruption processings at 
steps S106 and S107 provided in parailel to steps S102 
to S105. More specifically, at step S106. a curvature a 



15 



20 



25 



30 



35 



40 



45 



50 



5 



BNSDOCID <EP 



0771714A2 I > 



9 



EP0 771 714 A2 



10 



and a road width D of the travelable course A are deter- 
mined, and at step S107, a correcting factor Km is de- 
termined by a fuzzy logic from the curvature a. the road 
width D and the vehicle speed V. In this case, the cor- 
recting factor Km is determined in accordance with the 
values such as the curvature a and the road width D in 
view of the fact that it is difficult to make the vehicle con- 
verge smoothly to the target course M depending upon 
the curvature and the like of the travel course. 

At step S108 subsequent to step S105, a target 
steering angle 8m of the front wheel 7 required for pro- 
ducing the target yaw rate 7m is calculated using a prop- 
er equation illustrating the relationship between the yaw 
rate and the steering angle. At step S1 09, a target value 
6D of an angle of displacement of the servo motor 31 
for equalizing the steering angle of the front wheel 7 to 
the target steering angle 6m is calculated. Further, at 
step DS110, a feed-back control is carried out so that 
the displacement of the servo motor 31 is equalized to 
the target value 6D. 

At step S11 1 , it is determined whether the road lane 
has been changed. In other words, it is determined from 
an output from the target course determining section 78 
whether the vehicle has left the present lane and has 
passod to an adjacent lane as a result of the steering 
performed by the driver. When the change in lane has 
been confirmed by the determination result, the control 
at from step S101 to step S110 is discontinued, as will 
be described hereinafter 

When the change in lane has been confirmed at 
step S111 , it can be presumed that the servo motor 31 
has been moved to a limit position of the lost motion 
mechanism and in other words, to a position in which 
the tongue 73 abuts against the wall of the slit 74. In 
order to stop the control after returning the servo motor 
31 to an original position, a restoring control by way of 
steps S112 to S115 is carried out. 

First, at step S112, the bit of the flag is set at "1", 
and at step S113, the target value BD of the displace- 
ment angle of the servo motor 31 is set at "0 U . Further, 
at step s114, the servo motor 31 is operated at a low 
speed so that BD = 0 is established. Thereafter, at step 
S115, it is confirmed that the angle B detected by the 
encoder 51 becomes "0", thereby finishing the program 
control. Before BD = 0 is reached, a restoring motion is 
conducted over a time of about 2 deg/sec from step 
S 1 1 5 via step S 1 00 back to step S 1 1 3. 

When the vehicle does not have such a restoring 
function, the steering wheel is not returned to a straight 
position during straight advancing of the vehicle, result- 
ing in disadvantages that an unnatural feeling is given 
to the driver and that when the control at steps S101 to 
S110 is carried out again, the servo motor 31 cannot 
afford to be operated in either lelt or right direction. 

When the change in lane is not confirmed at step 
S 1 1 1 , it is determined at step S 1 1 6 whether the program 
has been ended. If the program is not ended, the 
processing is returned to step S100. In other words, 



when the vehicle is traveling on the same lane whether 
or not the driver has intervened in the steering, the con- 
trol at steps S101 to S110 is subsequently continued. 
A point of difference between such control and a 

5 control in the technique (Japanese Patent Application 
Laid-open No.5-1 97423) which has been previously 
proposed is that in addition to the fact that the steering 
mechanism 301 is not fixed to the vehicle body, the ser- 
vo motor 31 is subjected to the feedback control so that 

10 the value 6 detected by the encoder 52 is equal to the 
target value. The displacement angle B of the servo mo- 
tor 31 at this time (the value detected by the encoder 
51) has the following relationship to the target steering 
angle 5m: 

15 

5m = 8H + B/KW 

wherein KW is a gear ratio of the reducer 66; and 5H is 
20 an angle of the steering carried out by the intervention 
of the driver through the steering wheel. This steering 
angle being a value relative to an absolute space, and 
because 6m and 0 can be detected directly, 5H can be 
detected according to the above equation. 
2$ Thoroforc, if there is a difference generated be- 
tween the angle 6 detected by the encoder 52 for de- 
tecting the output steering angle and the target steering 
angle 5m, a value resulting from the multiplication of the 
difference by the gear ratio is a target value BD of the 
30 angle of displacement of the servo motor 31 A torque 
TM required to be exhibited by the servo motor 31 in 
order to make up for the difference between the target 
value BD and the angle B of displacement of the servo 
motor 31 is represented by 

35 

TM = K0 X {KW X (6m - 6) - B} 

wherein K0 is a gain constant, and an electric current 
40 for generating this torque TM is output from the motor 
amplifier 83. 

As has been described above in detail, according 
to this embodiment, the driver need only conduct a gen- 
eral steering and then, a steering following the lane is 

45 automatically performed, thereby providing an allevia- 
tion in fatigue of the driver. If the driver releases the 
steering wheel 5 ; the steering wheel 5 is raced, whereby 
a substantial steering is not realized, because there is 
no portion receiving a reaction force from a road surface 

so from the fact that the steering mechanism 30-, is not 
fixed to the vehicle body, as described above. 

Therefore, there arc the following advantages: it 
can be necessarily realized to compel the driver to al- 
ways grasp the steering wheel 5, and a slow operational 

ss speed of the servo motor 31 suffices to conduct a gen- 
eral steering action by the driver. Thus, the present in- 
vention can be realized even with a small-sized and 
lightweight servo motor 31 . 
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For example, suppose that the driver is driving the 
vehicle along a gentle curve. In this case, the driver in- 
puts a steering angle suitable for such curve and hence, 
the steering angle to be corrected by the system may 
be an amount such that the vehicle cannot follow the s 
lane by an amount of steering by the driver Even if the 
curvature of the road is changed, the driver inputs a 
steering angle corresponding to an occasional change 
and hence, the steering angle to be corrected by the ser- 
vo motor 31 may be a small amount. 

The steering angle input by the driver is remarkably 
excessively deficient relative to the curvature of the 
road, the vehicle, of course, starts to depart from the 
lane and hence, the driver can know that the steering 
angle input by himself is deficient or excessive. 

In this embodiment, however, the difference be- 
tween the steering amount input by a human and the 
target steering amount in the system is not necessarily 
small, and it is undeniable that the capacity of the servo 
motor 31 is increased as compared with a lourth em- 
bodiment which will be described hereinafter. For exam- 
ple, if the driver is unskilled or very tired, there is a pos- 
sibility that a general steering amount is an inapposite 
amount and hence, it is required that the servo motor 
31 is designed so as to havo a certain degree of capac- 
ity. 

In addition, according to this embodiment, when the 
driver maintains the steering wheel 5 straight, for exam- 
ple, in a road extending substantially rectilinearly, a very 
small steering force is applied to the front wheel 7 by an 
output from the servo motor 31 based on the image in- 
formation, so that the vehicle runs along the lane. How- 
ever, if the vehicle is unexpectedly approaching a road 
having a large curvature without operating the steering 
wheel 5. the front wheel 7 is steered and as a result, a 
reaction force from the road surface is transmitted 
through the column 6 to the driver. 

The reaction force from the road surface means an 
aligning torque (i.e., a torque acts to return the front 
wheel 7 to a straight advancing state) generated based 
on a geometry applied to the tire, which is well-known 
in this technical field. A steering torque in a direction to 
return the vehicle to a straight advancing state is taken 
in, notwithstanding that the steering wheel 5 is not op- 
erated. Thereafter, a scene ahead of the vehicle shows 
a behavior dependent upon the steering and hence : the 
driver can visually confirm that the front wheel 7 is 
steered. In addition lo the visual confirmation, the driver 
can know even from a lateral acceleration that the vehi- 
cle is in a turning state. 

Even when the lane-following control is being car- 
ried out, if the driver desires, for example, to avoid an 
obstacle, or to pass to an adjacent lane, ho can override 
the lane-following control only by applying a required 
steering angle to the steering wheel 5. 

At this time, a steering angle intended to overcome 
the driver's steering is of course output from the system, 
but a torque applied to the steering system is only a re- 
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action force from the road surface. Therefore, a torque 
transmitted to the steering wheel 5 irrespective of the 
action of the servo motor 31 is only the reaction force 
from the road surface, leading to an advantage that it is 
possible to remarkably smoothly override the lane-fol- 
lowing control, as compared with a case where the servo 
motor generates a reaction torque striving against a 
driver's intention, when the steering mechanism 30, is 
fixed to the vehicle body. 

Further, the target steering angle 8m is determined 
so that the vehicle travels on a central portion of a lane 
and hence, an automatic correction is applied to the de- 
parting from the lane. For example, an external distur- 
bance is due to a side wind or an unevenness of a road 
surface is applied to cause the vehicle to depart from a 
course, the correction is performed to automatically re- 
store the vehicle to the original course and hence, the 
driver may scarcely do anything against the external dis- 
turbance. 

If this is considered from a vehicle's locus, the de- 
parting from the course due to the external disturbance 
means is converged in the same manner as by the 
skilled driver, leading to a correspondingly increased 
stability. If this is considered from a vehicle traveling on 
an adjacent lane, a surrounding travel order is main- 
tained stably and is not disturbed, which is advanta- 
geous. 

Further, this embodiment has an advantage that up- 
on a trouble such as power failure, the steering mecha- 
nism 30^ is brought into a state in which it is fixed to the 
steering wheel 5 and hence, the automatic steering can 
be passed immediately to the manual steering. Even 
when the switch for switching whether or not the correc- 
tion of the steering angle is carried out can be turned off 
as described above to prevent the correction of the 
steering angle from being carried out, so that the driver 
performs all the steering, the driver can enjoy a rigid 
steering feel similar to that in the prior art. 

Even when the operation of the steering angle cor- 
recting device is stopped after completion of the lane 
change and the like, the automatic steering is basically 
shifted to the manual steering and hence, the steering 
feel at the shifting is natural, leading to an enhanced 
commercial property. Even according to a third embod- 
iment which will be described hereinafter, this advan- 
tage can be easily achieved by additionally mounting a 
clutch which is adapted to be brought into an engage- 
ment upon the power failure and to be brought out of the 
engagement upon energization. 

Further, when the vehicle passes from the current 
lane to an adjacent lane (changes the lane), the lane- 
following control is stopped and hence, it is possible to 
prevent the vehicle from behaving against the driver's 
intention to return to the original lane after passing to 
the adjacent lane. Moreover, when the vehicle passes 
from the current lane to an adjacent lane, or when the 
switch is operated so that the steering angle correcting 
device is inoperative, the operational position of the ser- 
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vo motor 31 is returned slowly to a neutral position. 
Therefore, it is possible to prevent the vehicle from 
traveling with the position of the steering wheel 5 re- 
maining inclined. In the restarting, it is possible to start 
with a position in which the control of the servo motor 
31 is prepared laterally evenly. 

Figs. 7 to 10 illustrate a second embodiment of the 
present invention. Referring first to Figs.7, 8 and 9, the 
steering wheel 5 includes a boss plate 12 relatively ro- 
tatably mounted to a rear end of the column 6 (a right 
end in Fig.B), a ring-like grasping portion 5a which is 
disposed to surround a rearward extension of the col- 
umn 6 and which has a core 13 embedded therein, two 
left and two right spokes 1 5 and 16 connecting the core 
1 3 of the grasping portion 5a and the boss plate 1 2, and 
a front steering cover 17 made of a synthetic resin, 
which is formed into a box-like shape covering front 
ends of the spokes 1 5 and 1 6 from the front thereof and 
opened at its rear end and which is secured to the boss 
plate 12. 

An air bag module 18 is mounted to the steel wheel 
5. The air bag module 18 includes an inflator 19 includ- 
ing a vessel filled with a propellant for generating a high- 
pressure gas, an air bag 20 disposed in a folded state 
in rear of the inflator 19, and a rear steering cover 21 
made of a synthetic resin, which covers a rear side of 
the air bag 20. The rear steering cover 21 includes an 
end wall portion 21a disposed in rear of the air bag 20 
and having a thinned portion which is broken when the 
air bag 20 is developed, an outer wall portion 21 b formed 
into a cylindrical shape to extend forwards from the end 
wall portion 21a with its front end disposed in proximity 
to and in opposed relation to the rear end of the front 
steering cover 17, and an inner wall portion 21c formed 
into a cylindrical shape to extend forwards from the end 
wall portion 21a and surrounded by the outer wall por- 
tion 21b. A support member 22 formed into a bowl from 
a thin material is fitted in and fixed to a front end of the 
inner wall portion 21c. The inflator 1 9 is accommodated 
within the inner wall portion and fixed to the support 
member 22. The air bag 20 fixedly supported by the sup- 
port member 22 is accommodated within the inner wall 
portion 21c, so that it is disposed between the inflator 
19 and the end wall portion 21a. 

Brackets 23, and 23 2 are integrally provided at op- 
posite ends of the boss plate 1 2 to extend toward the 
air bag module 18, and thinned support arms 24 t and 
24 2 are integrally provided on the support member 22 
and overlapped on outer sides of the brackets 23 1 and 
23 2 . Moreover, each of the support arms 24-, and 24 2 
has a longitudinally extending elongated hole 25 provid- 
ed therein and a circular insertion hole 26 provided 
therein and connected to a front end of the elongated 
hole 25. The diameter of the insertion hole 26 is set larg- 
er than that of the elongated hole 25. 

A bolt 27 having a diameter larger than the width of 
the elongated hole 25 is inserted through the insertion 
hole 26. The bolts 27 are threadedly into the brackets 



23-, and 23 2 . Thus, the air bag module 18 is supported 
on the boss plate 1 2. 

In such air bag module 18, the propellant in the in- 
flator 1 9 is fired and burnt by the collision of the vehicle, 
5 thereby supplying the high-pressure gas from the infla- 
tor 19 into the folded air bag 20 to expand the air bag 
20. This causes a portion of the end wall portion 21a to 
be broken, thereby developing the air bag 20 into a ve- 
hicle compartment to hold back the driver. Moreover, 
10 when the air bag comes into contact with the driver, a 
resulting reaction force causes a load to be applied to 
the air bag module 18 in a direction opposite from a di- 
rection of development of the air bag 20, i.e., in a forward 
direction. As a result, the air bag module 18 is moved 
15 forwards, while the width of the elongated holes 25 are 
being increased by the bolts 27, and the opposite side 
edges of the elongated holes 25 are plastically de- 
formed by the bolts 27. This causes a secondary colli- 
sion energy applied from the driver to the air bag 20 to 
20 be effectively absorbed. Thus, it is possible to softly hold 
back the driver by the air bag 20. 

A steering mechanism 30 2 as a driving means ca- 
pable of producing a relative rotating motion between 
the steering wheel 5 and the column 6 is disposed within 
25 the steering wheel 5 in front of the air bag modulo 18. 
The steering mechanism 30 2 includes a servo motor 31 
fixedly disposed on the steering wheel 5, afirst reduction 
mechanism 32 for reducing the output from the servo 
motor 31 , a second reduction mechanism 33 for further 
30 reducing the output from the first reduction mechanism 
32, and an output shaft 34 mounted on the output side 
of the second reduction mechanism 33 and coupled to 
the rear end of the column 6. 

The steering mechanism 30 2 has a housing 35 
35 which includes a housing half 36 secured to the boss 
plate 12, and a housing half 37 coupled to the housing 
half 36. The servo motor 31 is fixedly supported to the 
housing 35 and has a rotating axis in a plane perpen- 
dicular to the axis of the column 6. 
40 The first reduction mechanism 32 is constituted as 
a spur gear reduction mechanism and accommodated 
within the housing 35. The first reduction mechanism 32 
includes an output gear 38 provided on the output shaft 
of the servo motor 31 , and a reducing gear 39 meshed 
45 with the output gear 38. The second reduction mecha- 
nism 33 includes a crossed helical gear 40 rotatably 
supported by the housing 35, and a warm gear 41 as an 
operating member which is integral with the output shaft 
34 and meshed with the crossed helical gear 40 and 
50 which is accommodated in the housing 35. The reducing 
gear 39 of the first reduction mechanism 32 is provided 
at one end of the crossed helical gear 40. 

The output shaft 34 is formed into a hollow cylindri- 
cal shape, and the rear end of the column 6 is fitted into 
5S a front half of the output shaft 34. Moreover, the output 
shaft 34 and the column 6 is coupled to each other 
through a spline 42 for non-rotation relative to each oth- 
er The output shaft 34 is fixed to the rear end of the 
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column 6 by engagement of a bolt threadedly fitted over 
the rear end of the column 6 with an inner surface of an 
intermediate portion of the output shaft 34. A bearing 44 
is interposed between the housing half 36 of the housing 
35 and the output shaft 34, and a bearing 45 is inter- s 
posed between the housing half 37 o1 the housing 35 
and the output shaft 34, so that the output shaft 34 and 
the housing 35 are rotatable relative to each other about 
the axis of the column 6. 

The output shaft 34 has a bulge 34a integrally pro- 
vided at the rear end thereof and protruding radially out- 
wards from the output shaft 34 within the housing 35. 
The warm gear 41 of the second reduction mechanism 
33 is formed into a fan-like shape and integrally connect- 
ed to the bulge 34a. 

In this way, the output from the servo motor 31 is 
reduced with a reduction ratio of, for example, about 500 
by the first and second reduction mechanisms 32 and 

33 and transmitted to the output shaft 34 and thus to the 
column 6. The reason why Ihe reduction ratio is set al 
such a high value is that the steering wheel 5 is already 
steered to a sufficient steering angle and the servo mo- 
tor 31 works only to correct the excessive deficiency of 
the steering angle provided by the driver and hence : the 
corrected rotational speed of the column 6 may bo small, 
and further that if a torque as small as it can overcome 
the steering force applied by the driver to increase or 
decrease the amount of rotation of the column 6 is out- 
put, the purpose can be fulfilled. 

Because the reduction ratio can be set at the large 
value as described above, the servo motor 31 may be 
of a small capacity. This is advantageous for accommo- 
dating the servo motor 31 and the first and second re- 
duction mechanisms 32 and 33 within a narrow steering 
wheel 5. 

In a power transmitting system for transmitting the 
output from the servo motor 31 to the output shaft 34, 
the second reduction mechanism 33 including the 
crossed helical gear 40 and the warm gear 41 is an ir- 
reversible transmitting mechanism incapable of trans- 
mitting the power from the output shaft 34 toward the 
first reduction mechanism 33, i.e., toward the servo mo- 
tor 31 . Therefore, the first reduction mechanism 32, the 
second reduction mechanism 33 and the output shaft 

34 constitute a directly coupling means tor directly cou- 
pling the steering wheel 5 and the column 6 to each oth- 
er, so that a rotatively driving force can be transmitted 
from the steering wheel 5 direclly to Ihe column 6 during 
non-operation of the servo motor 31. Thus, when the 
driver operates the steering wheel 5 upon falling of the 
servo motor 31 into a failure due to the stoppage of the 
supplying of the power to the servo motor 31 for any 
reason, such steering rotativo force is immediately 
transmitted from the output shaft 34 to the column 6. 

Referring especially to Fig.9, the housing half 36 of 
the housing 35 fulfills a function as a locking member 
for engagement with the warm gear 41 as the operating 
member connected to the servo motor 31 to limit the 



range of operation of the warm gear 41 . Namely, the an- 
gle of rotation of the fan-shaped warm gear 41 relative 
to the housing half 36 maybe, for example, 16 degree 
on a left side and 16 degree on a right side in Fig.9. The 
housing half 36 is provided with limiting portions 36a and 
36b for engagement with left and right sides of the warm 
gear 41 to limit the range of operation of the warm gear 
41. Thus, even if the power-transmission irreversibility 
of the second reduction mechanism 33 should be lost, 
the steering rotative force ol the steering wheel 5 can 
be transmitted directly to the column 6 through the out- 
put shaft after engagement of the limiting portions 36a 
or 36b with the warm gear 41 . 

The warm gear 41 has a pin 46 provided at its cir- 
cumferentially intermediate portion and protruding to- 
ward the housing half 37 of the housing 35, and switches 

47 and 48 are fixed to the housing half 37 and having 
detection lever 47a and 48a for detecting the pin 46. The 
switch 47 is fixed to the housing half 37 at a location in 
which the pin 46 is detected by the delecting lever 47a 
immediately before abutment of the warm gear 41 
against the limiting portion 36a of the housing half 36, 
thereby changing the switching mode. The switch 48 is 
fixed to the housing half 37 in a location in which the pin 
46 is detected by the detecting lever 48a immediately 
before abutment of the warm gear 41 against the limiting 
portion 36b of the housing half 36, thereby changing the 
switching mode. Moreover, each of the switches 47 and 

48 cuts off the supplying of the power to the servo motor 
31 by changing the switching mode as a result of detec- 
tion of the pin 46 by the detecting lever 47a, 48a. There- 
fore, in a state in which the servo motor 31 is normally 
operative, it is possible to prevent the warm gear 41 from 
abutting against the limiting portion 36a or 36b to pro- 
duce a disadvantage such as that an over-current flows 
to the servo motor 31 . 

Referring also to Fig. 10, an encoder 51 is disposed 
within the steering wheel 51 for detecting the correction 
steering angle which is an amount of relative displace- 
ment between the steering wheel 5 and the column 6. 
A connecting member 54 formed into a bottomed cylin- 
drical shaft from a synthetic resin is fitted with its open 
end turned rearwards into the rear end of the output 
shaft 34 in rear of the bolt 43 for fixing the output shaft 
34 to the column 6. An engage projection 56 is provided 
at a rear end of the connecting member 54 for engage- 
ment in a notch 55 provided in the rear end of the output 
shaft 34. Thus, in a slate in which the connecting mem- 
ber 54 has been fitted into the rear end of the output 
shaft 34, the connecting member 54 is rotated along with 
the output shaft 34. 

The encoder 51 includes a cylindrical case 57 hav- 
ing an outward protruding flange portion 57a at its rear 
end, a detector 58 rotatably protruding from a front end 
of the case 57, and a torsion spring 59 mounted between 
the case 57 and the detector 58. The detector 58 is 
formed long along one diametrical line of the case 57. 
When there is a mechanical looseness within the en- 
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coder 51 , the torsion spring 59 removes an influence of 
such backlash by urging the detector 58 in one of cir- 
cumferential directions. 

The encoder 51 is inserted into the connecting 
member 54 in such a manner that the flange portion 57a 
is brought into abutment against the housing half 37 of 
the housing 35. Moreover, a slit 60 is provided in a 
closed portion at the front end of the connecting member 
54 to extend along one diametrical line, and the detector 
58 of the encoder 51 is fitted into the slit 60. The flange 
portion 57a is provided with a positioning hole 61 , and 
a positioning pin 62 is inserted through and engaged in 
the positioning hole 61 and fitted into the housing 35. 
Thus, the encoder 51 incapable of being rotated relative 
to the housing 35 assuming a stationary position relative 
to the steering wheel 5 is accommodated in the connect- 
ing member 54 which is relatively non-rotatably fitted in- 
to the hollow output shaft 34, so that the amount of ro- 
tation of the output shaft 34 relative to the housing 35, 
i.e., the correction steering angle is delected by the ro- 
tation of the detector 58 along with the connecting mem- 
ber 54. 

The flange portion 57a of the encoder 51 is covered 
with a cover 63 which is detachably fixed to the housing 
35 by a plurality of threaded members 64. The cover 63 
functions to inhibit the disengagement of the positioning 
pin 62 out of the positioning hole 61 to maintain the fixed 
state of the encoder to the housing 35 and also serves 
as a thermal shielding material for preventing a high 
temperature from the air bag module 18 from adversely 
influencing the encoder 51, when the air bag 20 of the 
air bag module 18 is expanded. 

When the steering wheel 5 is mounted to the col- 
umn 6, the connecting member 54 is still not fitted into 
the rear end of the output shaft 34 in order to threadedly 
fit the bolt 43 over the rear end of the column 6 using a 
tool. After mounting of the steering wheel 5 to the col- 
umn 6, the fitting of the connecting member 54 into the 
output shaft 34, the insertion of the encoder 51 into the 
connecting member 51 , the mounting of the cover to the 
housing 35 and the mounting of the air bag module 18 
to the steering wheel 5 are sequentially carried out. 
Therefore, to remove the steering wheel 5 in a repairing 
factory, the operations may be carried out in an order 
opposite from the above order. 

In this manner, the steering mechanism 30 2 dis- 
posed between the steering wheel 5 and the column 6 
is accommodated and disposed in the steering wheel 5, 
but even if the air bag module 18 is advanced when the 
air bag 20 of the air bag module 1 8 mounted to the steer- 
ing wheel 5, it is necessary to avoid the contact of the 
air bag module 18 with the steering mechanism 30 2 . To 
this cnd : the steering mechanism 30 2 is disposed within 
the steering wheel 5 in a manner than it is located near 
the column 6 to define a space 50 defined between the 
steering mechanism 30 2 and the air bag module 18 
which is in an inoperative state. 

According to the second embodiment, the steering 



mechanism 30 2 including the servo motor 31 is mounted 
between the steering wheel 5 and the column 6, so that 
a relative rotating motion can be produced between the 
steering wheel 5 and the column 6. Therefore, even if 
5 any mechanisms exist in a way from the column 6 to the 
front wheel 7, the steering angle can be corrected using 
the steering mechanism 30 2 constructed in the same 
principle irrespective of these mechanisms. Thus, the 
following advantages are provided to vehicle makers: 
10 the mass-productivity is enhanced; the period for devel- 
oping the vehicle can be shortened; and even after the 
vehicle including the steering angle correction system 
of the invention has been put on the market, it takes less 
time for education of a vehicle serviceman or the like, 
is and the repair system can be simplified. In addition, the 
following advantages are provided to a part maker: in 
ordering the different specifications from the different 
vehicle makers, the developing period is short, and the 
time limit of delivery is shortened, because the steering 
20 mechanism 30 2 can be designed in the same principle. 
Moreover, the steering device 8 boosts the input 
torque from the steering wheel 5 at a gear ratio of about 
15 to 20 and outputs it. If the steering mechanism 30 2 
is mounted at nearer the front wheel 7 than the steering 
2S device 8, the steering mechanism 30 2 must withstand a 
large boosted torque and hence, is increased in size and 
weight. According to this embodiment of the present in- 
vention, however, the steering mechanism 30 2 can be 
of a small size and a light weight, because it is mounted 
30 beiween the steering wheel 5 and the column 6. 

In addition, by the fact that the steering mechanism 
30 2 is disposed in the position in which it does not hinder 
the spreading and developing of the air bag 20 of the air 
bag module 18 mounted to the steering wheel 5, the 
35 steering mechanism 30 2 can be disposed within the 
steering wheel 5 which also serves as a shock absorb- 
ing device for alleviating the damage to an occupant up- 
on collision of the vehicle, in such a manner that the 
steering wheel 5 does not hinder the operation of the air 
40 bag module 18 which is a safety system. 

Further, the servo motor 31, the first reduction 
mechanism 32, the second reduction mechanism 33 
and the output shaft 34 constituting the steering mech- 
anism 30 2 constitute the direct coupling device capable 
45 of directly driving the column 6 from the side of the steer- 
ing wheel 5 during non-operation of the servo motor 31 
Therefore, when the servo motor 31 is in a failure state, 
the column 6 can be directly driven by the steering wheel 
6, leading to a safety. Moreover, the warm gear 41 con- 
50 nectedtothe servo motor 31 is brought into engagement 
with the limited portions 36a and 36b of the housing half 
36, whereby the range of operation of the warm gear 41 
is limited. Even this ensures that the column 6 can bo 
directly driven from the steering wheel 5, leading to a 
55 safety. Further, it is possible to prevent an over-current 
from flowing to the servo motor 31 by cutting off the sup- 
plying of the power to the servo motor 31 by the switches 
47 and 48 immediately before the warm gear 41 is 
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brought into engagement with the limiting portions 36a 
and 36b of the housing 36 

Yet further, by the fact that the encoder 51 for de- 
tecting the amount of relative rotating displacement of 
the steering wheel 5 and the column 5 relative to each s 
other is accommodated within the hollow output shalt 
34 which is the component of the steering mechanism 
30 2 , the encoder 51 can be reasonably disposed in a 
narrow space within the steering wheel 5. 

In each of the first and second embodiments, the 
structure in which the steering mechanism 30 1t 30 2 is 
accommodated within the steering wheel 5 has been il- 
lustrated. Alternatively, as evident from the description 
in the first and second embodiments, it will be under- 
stood that the steering mechanism may be disposed at 
any bcation between the grasping portion 5a of the 
steering wheel 5 and the steering device 8. 

Therefore, in a third embodiment shown in Figs. 11 
and 1 2, a steering mechanism 30 3 including a servo mo- 
tor 31 and a reducer 84 having no full lock function is 
disposed at an intermediate portion of the column 6. The 
column 6 includes a column portion 6 1 adjacent the 
steering wheel 5, and a column 6 2 adjacent the steering 
device 8. The steering mechanism 30 3 is fixedly accom- 
modated within a casing 85 which is secured to the col- 
umn portion 6^ adjacent the steering wheel 5, and the 
column portion 6 2 adjacent the steering device 8 is co- 
axially connected to an output end of the reducer 84. A 
disk-like engage plate 86 is secured to the column por- 
tion 6 2> and engage projections 88, 88 are projectingly 
provided on the casing 85 and are engageable in locking 
recesses 87, 87 which are provided, for example, at two 
places around an outer periphery of the engage plate 
86. Such a structure constitutes a lost motion mecha- 
nism. The column portion 6 2 and the casing 85, namely, 
the steering mechanism 30 3 are rotatable relative to 
each other in a range in which the engage projections 
88, 88 can be operated within the locking recesses 87, 
87. 

According to the third embodiment, when the sup- 
plying of the power to the servo motor 31 is stopped, 
even if the steering wheel 5 is steered in a range of play 
permitted by the lost motion mechanism, no substantial 
steering is produced. 

In a field of a robot technique, however, there is a 
developed clutch which is adapted to be automatically 
brought into engagement when the supplying of the 
power is slopped. If the clutch is disposed in parallel lo 
the servo motor 31 , the engagement of the clutch is per- 
formed simultaneously with the stoppage of electric 
power, so that a steering as intended by the driver can 
be achieved. This clutch does not constitute an impor- 
tant portion of the present invention and is put into a 
known public use in the robot technical field. Therefore, 
the detailed description of the clutch is not omitted. 

The basic construction of the third embodiment is 
not different from those in the previously described first 
and second embodiments and is similar in function and 



effect to those in the first and second embodiments. 

Figs. 13 to 16 show a fourth embodiment. First, as 
shown in Fig. 13. a steering mechanism 30 4 is connect- 
ed to an intermediate portion of a column 6. The steering 
mechanism 30 4 includes a bias motor 92 fixed to the 
vehicle body, a driving pulley 93 fixed to an output end 
of the bias motor 92, a follower pulley 94 fixed to the 
intermediate portion of the column 6, and a belt 95 
reeved around both the pulleys 93 and 94, so that an 
output torque from the bias motor 92 is transmitted to 
the column 6. The amount BB of rotation of the bias mo- 
tor 92 is detected by the encoder 94. A steering mech- 
anism 30t or 30 2 (not shown) similar to that provided in 
the first or second embodiment is accommodated within 
the steering wheel 5 and serves as a relative angle 
changing means capable of changing the relative angle 
of the steering wheel 5 relative to the steering device 8. 
Therefore, in the fourth embodiment, the two motors 31 
and 92 exist for the purpose of correcting the steering 
angle. 

Referring to Fig. 14, output signals from the target 
course determining section 78, the vehicle speed sen- 
sor 81 , the yaw rate sensor 82 and the encoder 51 are 
input to a CPU 80 2 as in the first embodiment. An output 
signal from the encoder 94 is also input to the CPU 80 2 
and further, an output from a torque sensor 91 for de- 
tecting a steering torque t applied to the steering wheel 
5 is input to the CPU 80 2 . Not only a control signal from 
the CPU 80 2 is applied to a motor amplifier 83 which 
supplies a driving current to the servo motor 31 mounted 
within the steering wheel 5, but also a control signal from 
the CPU 80 2 is applied to a motor amplifier 96 which 
supplies a driving current to the bias motor 92. 

The CPU 80 2 controls the operations of the servo 
motor 31 and the bias motor 92 according to a program 
shown in Figs.15A and 15B. At step S200, in order to 
detect a position of the steering wheel 5 relative to a 
central position of the lost motion mechanism, the servo 
motor 31 is slowly rotated, and values detected by the 
encoder 51 at the time when the tongue 73 abuts against 
the opposite end wall portions of the slit 74 shown in Fig. 
3 are read, whereby the central position of the lost mo- 
tion mechanism is determined by an average of the de- 
tection values, as shown in Fig. 16. By this processing, 
the CPU 80 2 can perceive in a real time that the steering 
wheel 5 is inclined at what angle with respect to the col- 
umn 6. 

At next step S201, outputs from the sensors are 
read. In this case, a steering angle 8 is read as a total 
sum of the values detected by the encoders 94 and 51 . 

At steps S202 to S209 subsequent to step S201 , 
processings similar to those at steps S102 to S108 in 
the first embodiment excluding stop S204 arc carried 
out. At step s2 1 0, an output torque TB from the bias mo- 
tor 92 is calculated by multiplying the target steering an- 
gle 5m by a properly set factor KB. 

At step S21 1 , a target value 0D for the angle of dis- 
placement of the servo motor 31 is determined by mul- 
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tiplying the detected steering torque x by a properly set 
factor KS. and at step S212, an output torque TS from 
the servo motor 31 is determined so that the angle B is 
equal to the determined target value OD. This provides 
a displacement through an angle resulting from the KS 
multiplication of the input steering torque x and more 
specifically, provides a motor displacement proportional 
to the input steering torque t, as shown in Fig. 1 6. Thus, 
the motor displacement is established laterally symmet- 
rically with respect to a neutral point. 

By conducting such a control, the steering mecha- 
nism 30, including the servo motor 31 exhibits a kind of 
spring function. A technique for making A concept spring 
having a reaction force depending upon a stroke by the 
control is called a compliance control in a robot engi- 
neering and put into a known public use. 

At step S21 3, the output torques TB and Ts deter- 
mined as described above are output to the motor am- 
plifiers 96 and 83 to operate the bias motor 92 and the 
servo motor 31 . 

The processing at step S204 will be now be de- 
scribed. An amount proportional to the steering torque 
x applied to the steering wheel 5 (to be exact, an amount 
resulting from the multiplication of the steering torque 
by the properly sot factor KC) is intentionally added to 
the widthwise position YW of the subject vehicle calcu- 
lated at step S203, whereby making the system errone- 
ously determine that the resulting position is the position 
of the subject vehicle. 

As a result of this processing, the system which de- 
termines that the subject vehicle has been deviated by 
such amount with respect to the lane, conducts a cor- 
recting operation and consequently, the subject vehicle 
is allowed to travel in a course deviated by such amount 
within the lane. This effect will be described hereinafter. 

According to such fourth embodiment, from a point 
of view from the driver, the steering wheel 5 is intended 
to be automatically turned through an appropriate angle 
along a curve of the lane. Therefore, if the driver steers 
the steering wheel 5 in an induced direction with his 
hand put lightly on the steering wheel 5, a driving along 
the curvature of the lane is naturally realized. 

Thus, the road surface reaction force causes the 
steering wheel 5 to be returned in a straight travel direc- 
tion in the first embodiment, whereas the steering wheel 
5 is guided in the opposite direction in the fourth embod- 
iment. In addition, in the first embodiment, when the 
drive conducts the general steering, he inputs the steer- 
ing angle entirely on the basis of his experience, where- 
as in the fourth embodiment, even the angle of such 
general steering is suggested and hence, an interface 
further preferable to the driver can be formed. 

If the driver desires to drive the vehicle into an ad- 
jacent lane against the suggestion of the general steer- 
ing angle by his own intention, the driver may steer the 
steering wheel against the induced torque. In this case, 
the bias motor g2 is driven reversely from the output 
torque from itself and acts as a generator rather than as 



the motor, but any problem is not arisen. 

When the steering wheel 5 is being operated in ac- 
cordance with the induced torque, a reaction intending 
to return the steering wheel 5 the center position is gen- 
5 erated, according as the position of the steering wheel 
5 is more spaced apart from the center position. There- 
fore, it is possible for the driver to take in the center po- 
sition of the lost motion by the steering force, as shown 
in Fig. 16, thereby obtaining a leeling different from a 
10 play at the central portion of the lost motion, which has 
been felt in the first embodiment. 

Further, as a result of the driver putting the steering 
wheel 5 at a central position of the play, equal control- 
lable angles are always prepared on opposite sides of 
15 the set position of the steering wheel 5 from the point of 
view from the automatic steering system, thereby pro- 
viding a result preferable for the control. 

Yet further, the current position of the vehicle is 
processed as a position, slightly deviated from the ac- 
20 tual position in accordance with the applied steering 
force x and hence, the vehicle position can be slightly 
changed in the same lane within the target course. This 
function is convenient, because if driver desires to drive 
the vehicle to travel on a slight right-side course within 
25 the lane when there is a small object fallen within the 
lane, which is not desired to be treaded by the tire, or 
when a road building vehicle is parking on the shoulder 
of a road, a traveling as intended by the driver can be 
easily realized by applying a slight torque to the steering 
30 wheel 5. In addition, when an input torque is applied, the 
vehicle behaves straightforwardly and hence, the 
above-described play cannot be actually taken-in by the 
driver in cooperation with the action of the above-de- 
scribed phantom spring. 
35 in the examples disclosed herein, the target course 
is changed in accordance with the steering torque, but 
even if the angle displacement between grasping por- 
tion 5a of the steering wheel 5 and the steering device 
8 is used in place of the steering torque, a similar effect 
40 can be obtained. This is because the displacement and 
the force are connected in a strong interrelation in the 
spring system. In this embodiment, the angle of rotation 
of the servo motor 31 accommodated within the steering 
wheel 5 can be utilized. 
45 Even in the fourth embodiment, the automatic cor- 
rection of the steering angle can be carried out against 
an external disturbance such as a side wind during 
traveling of the vehicle and therefore, the troublesome- 
ness of the driver's correcting operation is reduced by 
50 half. In addition, the amount of steering conducted by a 
human is suggested and hence, the difference between 
the amount of steering conducted by the human and the 
target steering amount in the system is smaller. Thus, 
the servo motor 31 within the steering wheel 5 may be 
55 of further reduced size and weight, as compared with 
the third embodiment. 

In order to further emphasize the feature of the 
fourth embodiment with regard to the reductions in size 
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and weight of the motor, for example, it is supposed that 
the human's steering intention and the steering angle 
determined in the system are largely different from each 
other irrespective of such an excellent induction of steer- 
ing being performed. The lack of the capability of the s 
motor means that the correction of the motor cannot 
catch up to the determination of human's intention, but 
to begin with, it is necessary to consider why a so large 
difference is produced between the torque intended by 
the human and the system torque. In such a case, the io 
human, from a higher-leve! stand, intends what is differ- 
ent from the maintaining of the lane, for example, the 
fact that he changes the lane or the fact that he leaves 
a highway. This is rational in view of an intrinsic object 
that the human's steering intention overrides the steer- is 
ing angle correcting device, and hence : there is nothing 
to fear. 

The fourth embodiment has been described about 
the case where the output from the bias motor 92 is 
transmitted to the column through the belt 95. The 
mechanism for exerting the torque to the steering sys- 
tem need not be limited to such a construction, and a 
bias torque can be created only by changing the con- 
ventional hydraulic power-steering internal mechanism 
or the electric powcr-stccring control program. 

In the fourth embodiment, the misperceiving tech- 
nique is used to displace the travel course by a very 
small amount, but the displacement of the course can 
be otherwise realized by displacing the target point. 
Such a technique will be described by way of fifth em- 
bodiment shown in Figs.17A and 17B. 

The fifth embodiment is different from the forth em- 
bodiment in respect of only a control algorithm shown 
in Figs.17A and 17B, and other constructions are the 
same as in the fourth embodiment. 

At steps S300 to S304, the same processings as at 
steps S201 to S204 in the fourth embodiment shown in 
Figs.15A and 15Bare carried out. At step S305, the tar- 
get point P is moved rightwards in an Y-axis direction by 
KC x t, and the resulting point is defined as a new target 
point, proceeding to from step S306 on. The process- 
ings at steps S306 to S313 are the same as at steps 
S206 to S213 in the fourth embodiment shown in Figs. 
15A and 15B. 

According to the fifth embodiment, when an object 
not desired to be traded by the tire exists on a road dur- 
ing traveling of the vehicle on a central portion of a lane, 
the travel course can be easily changed by a very small 
amount, as in the fourth embodiment. 

Many techniques for displacing the target course by 
a very small amount can be conceived in addition to 
those in the fourth and fifth embodiment, and for exam- 
pic, such displacement can be realized oven by displac- 
ing a white-line position determined in the image 
processing section 76 leftwards or rightwards by a very 
small amount. And many techniques for the displace- 
ment may easily be achieved by the embodiments de- 
scribed above. 



Fig. 18 illustrates a sixth embodiment. In the sixth 
embodiment, the construction within the steering wheel 
5 in the fourth embodiment is simplified to further en- 
hance the productivity. The internal structure in the 
steering wheel in the fourth embodiment consequently 
realizes a combination of the spring and the damper, 
and in view of this fact, these spring and damper are 
replaced by a mechanical spring 1 00 and a damper 1 02. 

More specifically, a substantially H-shaped lever 
104 is fixed to the column 6. This lever 104 and the steer- 
ing wheel 5 are relatively rotatably connected to each 
other through a bearing 106, and the spring 100 and the 
damper 104 are mounted between spoke portions 5b, 
5b of the steering wheel 5 and the lever 1 04, respective- 
ly. 

The spoke portions 5b, 5b are adapted to be put 
into abutment against walls 104a, 104a provided on the 
lever 104, when the steering wheel 5 is turned by a pre- 
determined amount (e.g., 100 degree), whereby a steer- 
ing force is transmitted from the lever 104 lo the column 
6. 

A bias motor 92 for driving the column 6 is provided 
as in the fourth embodiment. 

According to the sixth embodiment, a function and 
off oct similar to those in the fourth embodiment can bo 
achieved and moreover, the spring and the damper can 
be produced with a light weight and at a low cost, as 
compared with the fourth embodiment, leading to a high 
reliability. 

Especially, there is an advantage that the space 
within the steering wheel 5 can be remarkably saved 
and hence, the conflict between the device within the 
steering wheel 5 such as the air bag and the space is 
difficult to occur. 

On the other hand, it is undeniable that in the es- 
tablishment of the spring characteristic, the freedom de- 
gree of design thereof is limited. When the control 
shown in Figs.lSA and 15B is stopped in a case where 
a mechanism such as a clutch is not mounted, the rigid- 
ity is reduced by an amount corresponding to the resil- 
iency of the spring 100 and hence, it is necessary to de- 
sign a rigidity distribution of the entire steering system 
including a rubber mount. 

For a trouble produced in a hardware or a software 
of the steering angle correcting system, the maximum 
value of the relative motion is limited by a mechanical 
stopper which includes the wall 104a, 104a of the lever 
104 and the spoke portions 5b, 5b. Thus, even if a trou- 
ble should be produced, an obstacle can be avoided by 
a manual steering. 

Fig. 19 illustrates a seventh embodiment. In this 
seventh embodiment, a rubbers 110 are mounted be- 
tween the steering wheel 5 and the column 5 in place of 
the combination of the spring 100 and the damper 102 
in the sixth embodiment. To limit the amount of relative 
rotation between the steering wheel 5 and the column 
6, limiting rubbers 1 1 2 are secured to the steering wheel 
5 and accommodated in a limiting recess 4 provided in 
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the column 6. 

The rubbers 110 have a resiliency and also have an 
internal resistance exhibiting a Hysteresis with respect 
to the displacement, as is well-known. The rubbers 110 
fulfill a function equivalent to that of a kind of damper. 

According to the seventh embodiment, a bearing 
mechanism between the steering wheel 5 and the col- 
umn 6 required in the sixth embodiment is not required 
by the provision of the rubbers 1 1 0 between the steering 
wheel 5 and the column 6. 

Although the embodiments of the present invention 
have been described in detail, it will be understood that 
the present invention is not limited to the above-de- 
scribed embodiments, and various modifications may 
be made without departing from the spirit and scope of 
the invention defined in claims. 

For example, the steering device 8 is not limited to 
the rack and pinion type, and may be a power-steering 
device and a manual steering device. The bias motor 
92 illustrated in the fourth embodiment is necessarily not 
critical and when the steering device 8 is a power steer- 
ing device, the bias motor 92 may be replaced by a driv- 
ing force generating device which the power steering 
device intrinsically has. For example, in an electric pow- 
or-stoering device, the correction of the steering angle 
can be realized by changing the control software of the 
electric power-steering device. 

In each of the embodiments, the CCD camera 75 is 
used to acquire the information of the lane ahead of the 
vehicle, but the information acquiring means is noi lim- 
ited to the camera 75, and the information of the lane 
ahead of the vehicle can be acquired even by another 
technique. For example, an attempt has been recently 
proposed to drive the vehicle to travel within a lane in 
dependence upon a magnetic mark embedded in a 
road. In addition, when a navigation information more 
precise that that in the current art will be realized, such 
an information can be used in place of the information 
of the CCD camera 75. 



a steering amount detecting means for detect- 
ing a current steering amount; and 
a driving means for driving a steering device 
such as to decrease the difference between a 

5 steering amount calculated in said steering 

amount calculating means and a steering 
amount detected by said steering amount de- 
tecting means, said driving means being 
mounted between a grasping portion of a steer- 

10 ing wheel and said steering device. 

2. A steering angle correcting system in a vehicle ac- 
cording to claim 1 , wherein said driving means is 
arranged to permit a relative motion to be produced 
is between said grasping portion of said steering 
wheel and said steering device in an operative state 
of said driving means, but to inhibit said relative mo- 
tion in an inoperative state of said driving means. 

20 3. a steering angle correcting system in a vehicle ac- 
cording to claim 1 or 2, wherein said driving means 
is provided, in its driving force transmitting path, 
with an irreversible transmitting means for inhibiting 
the transmission of a force from the side of said 

25 stcoring device. 

4. A steering angle correcting system in a vehicle ac- 
cording to claim 2 or 3, wherein said steering 
amount calculating means is arranged to operate 

t>riiu ui I vii iy M iem la in a tin couui i iw uo^i t-uow a ■ 

ative angle between the grasping portion of said 
steering wheel and said steering device in accord- 
ance with the displacement of said relative angle 
from a reference value of the relative angle. 

35 

5. A steering angle correcting system in a vehicle ac- 
cording to any preceding claim, wherein the opera- 
tion of said driving means is stopped when it is de- 
termined that the vehicle has changed lane based 

40 on an output from said second detecting means. 



Claims 

1. A steering angle correcting system in a vehicle, 
comprising: 

a first detecting means for detecting a state of 
a lane of a road ahead of a vehicle which is 
traveling; 

a second detecting means for detecting a rela- 
tionship of a current position of the subject ve- 
hicle to the road lane of the subject vehicle; 
a steering amount calculating moans for calcu- 
lating a steering amount required to maintain 
the relationship of the current position of the 
subject vehicle to the road lane ahead of the 
subject vehicle from outputs from said first and 
second detecting means; 



6. A steering angle correcting system in a vehicle ac- 
cording to any preceding claim, wherein said driving 
means is operated in such a direction that said 
45 steering device is directed to a predetermined an- 
gle, when it is determined that the vehicle has 
changed the lane based on an outputf rom said sec- 
ond detecting means. 

so 7. A steering angle correcting system in a vehicle, 
comprising: 

a first detecting moans for detecting a state of 
a lane of a road ahead of a vehicle which is 
55 traveling; 

a second detecting means for detecting a rela- 
tionship of a current position of the subject ve- 
hicle to the road lane of the subject vehicle; 
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a steering amount calculating means for calcu- 
lating a steering amount required to maintain 
the relationship of the current position of the 
subject vehicle to the road lane ahead of the 
subject vehicle from outputs from said first and 
second detecting means; 
a steering amount detecting means for detect- 
ing a current steering amount; 
a driving means mounted between a vehicle 
body and a steering device for driving said 
steering device such as to decrease the differ- 
ence between a steering amount calculated in 
said steering amount calculating means and a 
steering amount detected by said steering 
amount detecting means; and 
a relative angle changing means capable of 
changing the relative angle of a grasping por- 
tion of a steering wheel relative to said steering 
device. 

8. A steering angle correcting system in a vehicle ac- 
cording to claim 7, wherein said relative angle 
changing means is mounted between the grasping 
portion of said steering wheel and said steering de- 
vice. 

9. A steering angle correcting system in a vehicle ac- 
cording to claim 8, wherein said relative angle 
changing means comprises an elastic member. 

10. A steering angle correcting system in a vehicle ac- 
cording to claim 7 or 8, where said relative angle 
changing means is formed of a combination of an 
elastic member and a damper. 

11. A steering angle correcting system in a vehicle ac- 
cording to any of claims 7 to 10, further including a 
torque detecting means for detecting the direction 
and magnitude of a steering force applied to said 
steering wheel, wherein a target relative angle for 
said relative angle changing means is determined 
in relation to an output from said torque detecting 
means. 

12. A steering angle correcting system in a vehicle ac- 
cording to any of claims 7 to 10, further including a 
torque detecting means for detecting the direction 
and magnitude of a steering force applied to said 
steering wheel, wherein the relative positional rela- 
tionship to be maintained between the subject ve- 
hicle and the lane ahead of the subject vehicle is 
changed in relation to an output from said torque 
detecting means. 

13. A steering angle correcting system in a vehicle ac- 
cording to any of claims 7 to 12 further including a 
displacement detecting means for detecting the rel- 
ative displacement between the grasping portion of 



said steering wheel and said steering device, 
wherein the relative positional relationship to be 
maintained between the subject vehicle and the 
lane ahead of the subject vehicle is changed in re- 
5 lation to an output from said displacement detecting 
means. 

14. A steering angle correcting system in a vehicle ac- 
cording to claim 1 2 or 1 3, wherein the relative posi- 
tional relationship to be maintained between the 
subject vehicle and the lane ahead of the subject 
vehicle is changed by exerting, to the output from 
said second detecting means, an influence of an 
amount dependent upon outputs from said torque 
detecting means and said displacement detecting 
means. 

15. A steering angle correcting system in a vehicle ac- 
cording to claim 12 or 1 3, wherein the relative posi- 
tional relationship to be maintained between the 
subject vehicle and the lane ahead of the subject 
vehicle is changed by exerting, to a target relative 
positional relationship between the subject vehicle 
and the lane ahead of the subject vehicle, an influ- 
ence of an amount dependent upon outputs from 
said torque detecting means and said displacement 
detecting means. 

16. A steering angle correcting system in a vehicle ac- 
cording to any preceding claim, further including a 
mechanical limiting means for limiting the relative 
motion between the grasping portion of said steer- 
ing wheel and said steering device to a predeter- 
mined angle range. 



15 



20 



25 



30 



35 



40 



45 



SO 



15 



&MSDOCID: <EP 



0771714A2 I > 



EP0 771 714 A2 




BNSDOCID: <EP 0771714A2 I > 



16 



EP0 771 714 A2 




BNSDOCl[> <EP _ 0771714A2 I 



17 



EP0 771 714 A2 



FIG.3 




18 



BNSDOCID: <EP 0771714A2 I > 



EP0 771 714 A2 



O 
00 




3 

o 



c 
o 

CO 

o a> 

Is 
88 




19 



I 



EP0 771 714 A2 



(3> 



(START) 



FIG.5A 



S100 



Flag = 1 ? 
^NcT 



Yes 



S101 



Read sensor information: 
vehicle speed V; 
yaw rate r ; 
steering angle 6 ; and 
encoder 6 



i 



S102 



Calculate inclined angle 
®W of vehicle W 



I 



1 



S106 



S103 



Calculate current position 
(XW, YW) of vehicle W 



T S104 

{Setting target point Pj 

I Calculate target yaw rate rm \ 



Calculate curvature p and road 
widt h D of travelable course A 

I 



S107 



Calculate correcting factor Km by 
fuzzy logic from curvature p, 
road width D and vehicle speed V 



S105 



, T 

I Calculate target-reached yaw rate yp 

T 



Calculate deviation A0p between angles 
of inclination of the vehicle W at target 
point P and in target course M 



Calculate correction value ATp of yaw rate 
for eliminating angle deviation Aflp 



Calculate target yaw rateTm 
rm^rP-Kmx Arp 



20 



BNSDOCID: <EP 



0771714A2 1 > 



EP0 771 714 A2 



FIG.5B 



i 



S108 

Calculate target steering angle 6m 
for producing target yaw rate rm 



I 



S109 



Calculate target value 3D of angle of displacement 
of servo motor to provide target steering angle 6m 



I 



S110 



Carry out control so that displacement 
of servo motor is equalized to 0D 



S111 



-^< C Has lane been changed ? > 



S116 



Yes 



Has program been ended ?] > 
Yes! 



j S11 2 
I Flag = 1 | 



" S113 



90 = 0 



I 



S114 



Slowly control the driving so that 6D = 0 is established! 



No 



v S115 



Yesy 
( END ) 



21 



EP0 771 714 A2 



FIG.6 




BNSDOCID: <EP 0771714A2 I > 



22 



EP0 771 714 A2 



FIG.7 




BNSDOCID <EP 0771714A2 I > 



23 



EP0 771 714 A2 



FIG.8 




24 



EP0 771 714 A2 




25 

BNSDOCID: <EP 0771714A2 .I > 



EP0 771 714 A2 




BNSDOCID: <EP 0771714A2 I > 



26 



EP0 771 714 A2 




aNSDOCID: <EP. 0771714A2 I > 



27 



EP0 771 714 A2 



FIG.12 




BNSDOCID <EP 0771714A2 I > 



28 



EP0 771 714 A2 




BNSDOCID: <EP . 0771714A2 I > 



29 



EP0 771 714 A2 



CO 
00' 



on 




on 


ng secti 
motor 




ng secti 
motor 


Steeri 
servo 




Steeri 
servo 




♦ 


k_ 

a> 






Motor 
amplifi 




Motor 
amplifi 



CM 



CM 

O 
00 



CD 









'c 




o 




CO 




o <u 


Q. 




O 


Is 








<g o 




o 




CD 









a> 




a> 


■a 






o 




o 


o 




o 


is 




i ii 



mom 

CD 



LO 



0) 

E 

o 

Q 
O 
O 




30 



BNSDOCID: <EP 0771714A2 I > 



EP 0 771 714 A2 



("start"*) FIG.15A 

I S200 

Determine neutral point of steering wheel | 

© " " 



I 



S201 



Read sensor information: 
vehicle speed V; 
yaw rate r; 
steering angle 6 
encoder 6 ; and 
steering force r 



1 


S202 


i S207 




Calculate inclined angle 
0W of vehicle W 




Calculate curvature p and road 
width D of travelable course A 



S203 



Calculate current position 
(XW, YW) of vehicle W 

♦ S204 



S208 



Calculate correcting factor Km by 
fuzzy logic from curvature p , road 
width D and vehicle speed V 



XWOXW 
YW <=> YW — KC 

I S205 
|Setting XargeX point P\ 



[Calculate target yaw rate rm | 



S206 



Calculate target point-reached 
yaw rate yP 

T 



Calculate deviation A0p between angles 
of inclination of the vehicle W at target point 
P and in target course M 

_ i - " 



Calculate correction value Arp of yaw rate 
for eliminating angle deviation Aflp 



Calculate target yaw rate rm 
rm = tP— KmX atp 



31 



a^soocio <EP 



0771714A2 I > 



EP 0 771 714 A2 



FIG.15B 



S209 



Calculate target steering angle 5m 
for producing target yaw rate rm 



1 


S210 




Calculate bias motor torque TB 






TB = KB X 6m 






S2ii 

Determine target angle 0D of servo motor 
0D = KSXt 



S212 

Calculate output torque TS from servo motor 
TS = KT ( 0 D — 0 ) 



S213 



Output TB and TS to respective motor amplifiers] 



32 



EP0 771 714 A2 



FIG. 16 



T 




0/KW 



33 

aNSDOCID <EP 0771714A2 I > 



EP0 771 714 A2 



(START) 

I S300 

| Determine neutral point of steering wheel | 

CD »f~~ ~~ ~~ " 

W I S301 

r Read sensor information: 
vehicle speed V; 
yaw rate 7; 
steering angle 6 ; 
encoder 9 ; and 
steering force t 



FIG.17A 



1 


S302 


S307 




Calculate inclined angle 
©W of vehicle W 




Calculate curvature p and road 
width D of travelahle course A 



S303 



Calculate current position 
(XW.YW) of vehicle W 

I $304 
{Setting target point P| 

~ j S305 



t 



S308 



Calculate correcting factor Km by 
fuzzy logic from curvature p, road 
width D and vehicle speed V 



Displace target point P 
rightwards^by KCX r 



{Calculate target yaw rate rm I 



S306 



Calculate target point-reached 
ya w rate rP 

E 



Calculate deviation A0p between angles 
of inclination of the vehicle W at target point 
P and in target course M 



i 



Calculate correction value Atp of yaw rate 
for eliminating angle deviation Aftp 



Calculate target yaw rate r m 
rm = tP — Km X Arp 
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FIG.17B 



1 



S309 

Calculate target steering angle 6m 
for producing target yaw rate rm 



I 



S310 



Calculate bias motor torque TB 
TB = KB X dm 



S311 



Determine target angle ©D of servo moto 
0D = KSXt 



S312 



Calculate output torque TS from servo motor 
TS = KT (flD — 8 ) 



S313 



Output TB and TS to respective motor amplifiers 



I 
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